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• Repetitive transcranial magnetic stimulation (rTMS) is a non-invasive brain-stimulation 
technique. Clinically, rTMS is FDA-approved for treatment of major depressive 
disorder. Basic research has also suggested potential for cognitive enhancement.
• Prior research has shown that rTMS can strengthen target intrinsic functional 
networks in the brain.  Post-rTMS strengthening can be measured using functional 
neuroimaging (e.g., fMRI). Key network measures include the resting-state functional 
connectivity (RSFC), or temporal correlation, between different brain regions. 
• The connectivity of networks can be described using graph-theoretic measures such 
as modularity, degree, participation coefficient, and betweenness centrality.  




Objective   
Create a tool to simulate the effects of rTMS on intrinsic brain networks.
Support modeling of stimulation at different locations, frequencies, intensities, 
number of treatments, and under different network conditions. 
Methods  
. 
• This tool is effective, reproducible, and capable of modeling different parameter values.
• Network-level connectomics measures, such as modularity, appear to provide valid 
measures of rTMS effects on RSFC.
• Node-level connectomics measures, including degree, participation coefficient, and 
betweenness centrality were NOT found to be effective measures of rTMS effects.
• The ability to predict the effects of targeted rTMS on remote parcels in a network could 
help researchers predict what cognitive or psychiatric functions may be affected.
• Understanding of the effects of targeted rTMS on RSFC of networks in the brain could 
potentially contribute to a better understanding of rTMS treatments for neurological and 
psychiatric conditions including depression, addiction, and Alzheimer’s disease. 
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RSFC data and a cortical parcellation 
were retrieved from the Cole-Anticevic 
Brain-wide Network Partition Project. 
• RSFC data applied for modeling is 
a composite matrix resulting from 
analysis of 337 unrelated, healthy 
volunteers from the WashU-Minn 
Human Connectome Project.
• The Cole-Anticevic Brain-wide 
Network Partition splits the cortex 
into 360 individual parcels for 
analysis. 
RSFC Data and Parcellation
To better predict the effect on functional 
connectivity of targeted rTMS stimulation 
to specific parcels, the following 
parameters were included: 
• Number of sessions
• Simulation Location
• Primary Local Effect
• Secondary Network Effect
• Secondary Effect Cutoff
• Percentile of Considered Edges
Adaptable Measures
Use connectomics measures to 
measure changes in resting-state 
functional connectivity (RSFC): 
• Network-level connectivity: 
o Modularity 
• Node-level connectivity: 
o Degree
o Participation coefficient 
o Betweenness centrality 
Simulation Validation
Effect of Incrementing Days On Simulated rTMS (Simulated – Original)
Network-Level: Effects of Altering Measures on Modularity for Parcel 40
Node-Level: Effects of Altering Measures on Degree, Participation Coefficient, 
and Betweenness Coefficient for Parcel 40
Effect of Incrementing Secondary Effect Cutoff On 
Simulated rTMS (Simulated – Original)
Future Directions
• Investigate whether rTMS affects network organization (vs. a priori network structure)
• Extend tool to model effects of excitatory vs. inhibitory rTMS 
• Incorporate additional prior work to determine whether this tool can generalize to 
address different parcellation techniques, networks, and populations
• Incorporate modeling of participant-level variables such as age, sex, brain pathology
• Use individualized functional parcellation for more precision in modeling rTMS effects
Secondary effect cutoff: 
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